A síntese de aminopiridinas foi realizada através de reações de formação de ligações C-N entre cloropiridina e uma variedade de amidas simples sob condições de refluxo, na ausência de metais de transição e irradiação por microondas (ou base).
Introduction
2-Aminopyridine derivatives, though well known for a long time, have attracted considerable interest recently because of their applications in various fields especially in pharmaceutical research. For example, the use of 2-aminopyridines have been reported as glucokinase activators 1 or selective inhibitors of neuronal nitric oxide synthase. 2 Substituted or unsubstituted aminopyridines are also useful precursors for the synthesis of a variety of heteocyclic compounds possessing a medicinal value. [3] [4] [5] [6] [7] [8] [9] For example, 2-(methylamino)nicotinonitrile or 2-amino-3-nitropyridine was used as a synthetic precursor of 1H,3H-pyrido [2,3-d] pyrimidine-2,4-dione 10 or pyrido[2,3-b] pyrazines 11 and imidazo [4,5-b] pyridines 12 respectively. While a number of methods have been reported for the synthesis of 2-aminopyridine derivatives, the most straightforward one includes the reaction of 2-halopyridines with substituted or unsubstituted amines. Essentially, these reactions are carried out either by using a transition metal catalyst e.g. palladium, 13, 14 or at elevated pressure. 15 Alternatively, 2-aminopyridine derivatives can also be prepared via nitration of (un)substituted aminopyridines 16 or oxidative amination of nitropyridines. 17 Recently, microwave assisted solvent free amination of halo pyridine without transition metal catalyst have been reported. 18 Introduction of N,N-dimethylamino group via the reaction of 2-chloro pyridine with DMF (N,N-dimethylformamide) in the presence of a base such as diethanolamine 19 or K 2 CO 3 20 has been reported in 1997 and 2004 respectively. More recently, chemoselective displacement of phenylthioether moiety of pyrazin-2(1H)-ones by N,N-dimethylamino group using DMF under microwave irradiations has been reported. 21 In 2004, one of us was involved in the preparation of diethylamino derivative of pyrazolopyrimidine via the reaction of 7-chloro-1,3-dimethyl-5-phenyl-1H-pyrazolo [4,3-d] pyrimidine with DMF in the presence of (PPh 3 ) 4 Pd and Na 2 CO 3 (Scheme 1). 22 Very recently, a palladium catalyzed synthesis of N,N-dimethyl [1, 8] naphthyridine-2-amines by facile incorporation of NMe 2 group from DMF has been reported. 23 All these methods however require the use of a base (and/or a catalyst) and only limited studies have been carried out with a very few number of substrates. Due to our continuing interest 24 in the use of 2-chloropyridine 25 as a useful synthetic precursor we planned to study the reactions of chloropyridines with a number of commercially available simple amides. We also required a simple and scalable process for the preparation of aminopyridines in order to meet the requirement of this class of compound for our ongoing drug discovery program. Herein we report a transition metal or microwave irradiation-
Results and Discussion
Initially, we choose 2-chloro-3-nitropyridine (1a) to conduct our preliminary study which was reacted with a variety of formamides (2) under refluxing conditions. The results of these studies are summarized in Table 1 .
As presented in Table 1 that the reaction of formamide 2a with 1a was completed within 15 h providing a good yield of desired product 3a (Entry 1, Table 1 ). On the other hand reaction of acetamide 2b with 1a was found to be slow (Entries 2 and 3, Table 1 ) and only 69% yield of product was isolated even after 70 h (Entry 3, Table 1 ). Similarly, the monosubstituted formamide 2c reacted faster than acetamide 2d providing a better yield of product 3b (Entry 4 vs 5 and 6, Table 1 ). Simple formamide 2e also provided the desired product when reacted with 1a (Entry 7, Table 1 ).
Having prepared a number of aminopyridines (3a-c) from 2-chloro-3-nitropyridine (1a) successfully we decided to explore the use of other chloropyridines under the reaction conditions studied. Accordingly, a variety of unsubstituted and substituted aminopyridines (3d-l) were prepared from various chloropyridine analogues (Table 2) . Various functional groups such as nitro (Entries 1, 5, 8, 11 and 14, Table 2 ), trifluoromethyl (Entries 2, 6, 9 and 12, Table 2 ) and cyano (Entries 3, 7, 10 and 13, Table 2 ) present on the pyridine ring were well tolerated. Notably, unsubstituted chloropyridine (1e) also participated in the present amination reaction providing the desired products albeit in low yields (Entries 4 and 15, Table 2 ).
We have shown that suitably substituted chloropyridines can be converted to the corresponding amino derivatives using simple amides as a source of amine. It was evident from Table 2 that a chloro group present at the C-2 position of the pyridine ring participated well in this reaction. This can be explained by the higher reactivity of the azomethine chloro group compared to that present at C-4. Moreover, the reaction was facilitated by the presence of electron withdrawing group present on the pyridine ring perhaps favoring a nucleophilic attack on the chlorine bearing carbon. Nevertheless, the reaction seemed to proceed via the cleavage of an amidic N-C bond of the reactant amide used thereby serving as a potential source of amine under the condition employed (Schemes 2 and 3) . 26 Due to the requirement of a large quantity of N,Ndimethyl-5-nitropyridin-2-amine (3d) for our own research we carried out its synthesis using 50 g of 1b with DMF according to the condition mentioned above (Entry 1, Table 2 ). The desired compound was isolated in 80% yield thereby demonstrating the potential for scalability of this process.
1 H NMR spectra of compound 3d is shown in Figure 1 .
Conclusions
In conclusion, a simple and practical synthesis of aminopyridines has been accomplished via the reaction of chloropyridine with a variety of commercially available simple amides. The reactions were carried out in neat and under refluxing conditions to afford the expected products in good yields. The reaction is free from the use of transition metal catalysts or microwave irradiation or any organic/ inorganic base. The methodology therefore may have advantages over the previously reported processes. Because of easy availability of starting materials and operational simplicity the present method is amenable for scale up. We expect that the present process would find wide application in the preparation of diversity based pyridine analogues especially for pharmaceutical research.
Experimental

General
Unless stated otherwise, reactions were monitored by thin layer chromatography (TLC) on silica gel plates (60 F 254 ), visualizing with ultraviolet light or iodine spray. Flash chromatography was performed on silica gel (60-120 mesh) using distilled petroleum ether and ethyl acetate. Infrared spectra were recorded on a FTIR spectrometer. Melting points were determined by using thermal analysis and differential scanning calorimetry (DSC) was generated with the help of DSC-60A detector. MS spectra were obtained on a LC-MSD-Trap-SL mass spectrometer. All the reagents used are commercially available.
General procedure for the preparation of amino pyridines (3)
A solution of chloropyrdine 1 (5 mmol) in an appropriate amide 2 (10 mL) was refluxed for the time as mentioned in Tables 1 and 2 . The reaction mixture was concentrated under vacuum, cooled to room temperature, quenched using Scheme 3. Proposed reaction mechanism for the amination of 4-chloropyridine. Scheme 2. Proposed reaction mechanism for the amination of 2-chloropyridines. Vol. 21, No. 8, 2010 ice water (25 mL) with stirring and extracted with ethyl acetate (2 × 50 mL). The organic layers were collected, combined, washed with cold water (100 mL), dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under vacuum and the residue was purified by column chromatography to yield the desired product. 27 (3a) Colorless liquid; 28 
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